1 and β-diversity to short-term grazing exclusion under severe 2 drought episode in long-term grazed Alfa-steppes 3 4 Abstract. Grazing exclusion has been proved to be one of the main measures for rehabilitating 22 degraded arid steppes. However, the effect of this management practice on plant species diversity and 23 composition is ambiguous, specially under prolonged droughts. Concurrently considering the 24 responses of individual plant species, diversity of functional groups, α-diversity, and β-diversity (and 25 its components) may be crucial to the holistic understanding of grazing exclusion effects on plant 26 communities under drought conditions. Here, we investigated the response of these diversity measures 27 to short-term sheep exclusion under severe drought episode in arid steppes of Alfa-grass (Stipa 28 tenacissima) with a long evolutionary history of livestock grazing. Individual species responses were 29 tested based on species occurrence and abundance in either grazed or grazing-excluded steppes, in 30 addition, we used indicator species analysis to assess the strength of the association between plant 31 species and management type. Likewise, α-diversity, abundance-and incidence-based β-diversity, as 32 well as the functional groups' diversities were quantified using Hill Numbers and compared between 33 the two management types. Sheep grazing exclusion enabled the recovery of various Alfa-steppe 34 indicator species and improved the size of regional species pool, overall α-diversity, and the diversity 35 of therophytes. This management practice decreased the abundance-based β-diversity and the 36 nestedness-resultant fraction of the incidence-based β-diversity at the local scale, while at the landscape 37 scale increased the abundance-based β-diversity and its balanced variation fraction and reduced the 38 incidence-based β-diversity and its turnover component. Furthermore, protection from grazing altered 39 β-diversities scaling patterns by maintaining higher balanced variation in species abundance at large 40 spatial scale and greater abundance-gradient in species composition at the fine-scale. Our results 41 suggest that the implementation of short-term grazing exclusion in degraded arid steppes would be the 42 appropriate management practice for vegetation restoration and plant diversity conservation during 43 prolonged drought periods.
INTRODUCTION
exclusion in arid rangelands are inconsistent and hotly debated (Frank et al. 2014) . One possible reason and August. The mean minimum temperatures (~8°C) were recorded in December and January when 114 occasional periods of subfreezing surface temperature occurred. The annual average rainfall was 115 184mm, most of it occurred during spring and fall. The dry period extended over almost ten months a 116 year (from mid-January to mid-November). It should be noted that the irregular distribution of rainfall 117 in space and time has historically determined land uses of these rangelands. 118 The area includes collective grazing rangelands characterizing by steppic (low-height and sparse) 119 vegetation with the dominance of the Alfa grass "S. tenacissima" (a stable form of degradation of dry 120 Mediterranean sclerophylic forests) mixed with some shrubs A. campestris, 121 Helianthemum lippii and Noaea mucronate), forbs (ex. Anacyclus cyrtolepidioides, Atractylis 122 serratuloides, H. salicifolium and Malva aegyptiaca) and grasses (ex. S. tortilis, Koeleria pubescens, 123 S. lagascae and Poa bulbosa). 124 Historically, herders have adopted nomadic practices, which helped maintain healthy steppes by 125 implementing grazing rotation while avoiding overgrazing. Nevertheless, the more recent sedentary 126 land-use leads to overgrazing supported by the massive use of cheap fodder which has increased 127 sharply the number of sheep in these arid steppes (Martínez-Valderrama et al. 2018) . 128 In order to cope with land degradation and biodiversity loss, the Algerian government started in 129 20.000 ha and the freely grazed steppes followed a year-round, continuous pattern of free grazing, with 137 5 sheep unit ha -1 , representing the traditional grazing regime for local pastoralists.
139
Climatic conditions 140 To assess the climatic conditions of the study site we analyzed and compared the drought severity 141 during the period in which reliable monthly weather data were available . Weather data 142 (mainly monthly-precipitation and -mean temperature) were obtained from the nearest weather station for different time-scales representing the cumulative water balance over the previous n months. Time 151 scales of one, three, six and twelve months were used in this study to compute SPEI-1, SPEI-3, SPEI-152 6 and SPEI-12, respectively.
154
Sampling method of vegetation 155 We conducted a multi-site survey during the period of peak growth (late April-early May) in 2014. 156 We selected five homogeneous sites in enclosed areas and another five in freely grazed areas. Within consists of recording, at every 20-cm intervals, the identity of all individuals that are in contact with a 160 vertical nail (Kouba et al. 2015) . The abundance of each species in each transect was estimated from 161 the number of individuals recorded along the same transect. Those plants that could not be identified 162 with certainty in the field were brought to the laboratory for identification by botanists. Individual 163 plants were collected with flowers or fruits as these characteristics are vital for identification. Voucher ). Species response types comprised (1) loss, species that exclusively occur in the grazed steppes;
175
(2) colonizer, species that occur exclusively in the grazing-excluded steppes; (3) decreaser, species 176 with significantly lower abundance in the grazing-excluded steppes; (4) increaser, species with 177 significantly higher abundance in the grazing-excluded steppes, and (5) stable, species with no 178 significant change in abundance. It should be noted that assignments were based on the comparison of 179 abundances of each plant species between the two management types (grazed vs. grazing-excluded) 180 using the non-parametric Mann-Whitney U test at a significance level of 0.05. For DST classification, we followed (Mariotte 2014): species with a cumulative relative abundance below 2% were considered 182 as transients (T), comprised between 2% and 12% as subordinates (S) and >12% as dominants (D).
183
Indicator species analysis was used to assess the strength of the association between plant species 184 and management type. This analysis is based on both, species fidelity which is the relative frequency 185 of species within-group (i.e. the number of sample units in which the species occurs, within the same 186 group) and exclusivity which reflects the concentration of species abundance within a particular group 187 (Cáceres et al. 2012) . Ideal indicator species is so exclusively faithful to a group (grazed or grazing-188 excluded steppes) and occurs in all transects within a steppe type. The Indicator species analysis was 189 performed using the function multipart of the package "indicspecies". The recorded plant species were classified into functional groups based on these functional traits: 193 growth forms (shrubs, forbs, graminoids), life span (annuals, perennials) and Raunkiaer life-forms 194 (therophytes, chamaephytes, hemicryptophytes, geophytes). Gower's similarity coefficient among 195 species was calculated using gowdis function. The resulted Gower's similarity matrix was then 196 introduced into a clustering analysis with Ward method using hclust function of "cluster" package.
197
Cluster classification led to the definition of six functional groups differing mostly by growth forms 198 and Raunkiaer life-forms (Appendix S1). Species in functional group 1 (hereafter, FG1) were 
211
The effect of the current management (grazed vs. grazing-excluded) on alpha diversities was 212 analyzed using generalized linear mixed models (GLMM) with the glmer function in package "lme4".
213
The management was entered as a fixed factor and the site was added as a random factor to control for To quantify community dissimilarity, we used multiple-sites incidence-based and abundance- Baselga 2013) and (ii) abundance gradients (i.e. one assemblage is a subset of another; Baselga 2013). 229 We followed the same notation as Baselga (Baselga 2010, Baselga 2013, Baselga 2017) using 230 Sørensen dissimilarity (βSOR) as a measure of incidence-based beta diversity and its two components: 
242
We analyzed the effect of the management type on multiple-site β-diversities at (1) transect level, 243 using GLMM (function glmer from package "lme4"), with the management type as a fixed factor and 244 the site as a random factor, (2) site level by using GLM (function glm from package "stats") with 245 management type as a fixed factor. Variations of multiple-site β-diversities between the two spatial 246 levels in each grazing management type were also analyzed using GLMs. For both GLMM and GLM, 247 we followed different error distributions (e.g. Gaussian, gamma, Poisson) depending on the nature of 248 errors.
RESULTS

250
Temporal variation of drought 251 Overall, SPEIs showed complex variations from 1988 to 2014, with a significant decreasing trend 252 (p < 0.001) of 0.025/yr, 0.037/yr, 0.055/yr, and 0.065/yr for 1-, 3-, 6-and 12-month SPEI, respectively 253 (Fig. 2) . The decreasing rate increased with time-scale; that is, long SPEI time-scales decreased more 254 than short SPEI time-scales, reflecting the increasing severity of long time-scales drought. SPEI-6 and 255 SPEI-12 revealed a long episode of drought (SPEI < 0) between May 2012 and December 2014 ( Fig.   256 2). Furthermore, the month of April in 2014 (the period during which vegetation was sampled) was 257 severely dry (values of SPEI-1, SPEI-3, SPEI-6 and SPEI-12 were -2,18, -1,40, -1,39, and -1,17, 258 respectively).
260
Individual-and Indicator-species 261 In total we recorded 100 plant species among them 93 species occurred in the grazing-excluded 262 steppes (85 transients, 6 subordinates, and 2 dominant species) and 60 species occurred in grazed 263 steppes (49 transients, 10 subordinate, and 1 dominant species) ( Table 1 ). The individual species 264 analysis ( Fig. 3 , Appendix S1) revealed a high number of colonizers (40 species) followed by 265 increasers (27 species) and most of them (70% and 66.7% of colonizers and increasers, respectively) 266 were therophytes. Furthermore, H. salicifolium and A. cyrtolepidioides have increased their 267 abundances in the exclosures to become subordinate and dominant species, respectively. In addition, 268 these two species were selected as indicators of grazing-excluded steppes (see below).
269
Individual species analysis showed also that all the losses (7 species) were transient species and Noaea mucronata, S. lagascae) were converted from being subordinate species in grazed steppes to become transient species in grazing-excluded steppes (Appendix S1). Furthermore, among stable 273 species (13 species) there were one dominant species S. tenacissima and two subordinate species 274 Filago spathulata and Malva aegyptiaca. This observation, in particular, means that the abundance of 275 the most dominant species S. tenacissima did not increase significantly in the exclosures.
276
Indicators species analysis selected 14 significant (p ≤ 0.05) indicator species and most (13 species) 277 of them were indicative of grazing-excluded steppes; only one species "Schismus barbatus: therophytic 278 annual graminoid" that was indicative of grazed steppes and was categorized as decreaser (Table 2) . 279 Among the species that were indicative of grazing-excluded steppes, three were categorized as 280 colonizers and ten as increasers and most of these indicator species were therophytes and typical to 281 Mediterranean steppes (Table 2 ). Furthermore, three of the selected indicator species were endemic 282 species and seven were psammophytes (Table 2) . When all species were introduced in the analysis, Hill index (with q = 0 or q = 1) was significantly 286 greater in grazing-excluded than grazed steppes ( Fig. 4 p, q) ; that is, the overall richness and the number 287 of common species was bigger in grazing-excluded steppes. Regarding functional groups, only FG1 288 and FG3 were shown statistically significant differences between the two management types. In the 289 case of FG1, Hill index (with q = 0 or q = 1) was significantly higher in grazing-excluded steppes ( Fig.   290 4 m, n). Regarding FG3, Hill index was also significantly higher in grazing-excluded steppes for q = 291 01or q = 2 ( Fig. 4 h, i). The above means that short-term grazing exclusion increased significantly the 292 number of common and dominant annual therophytic species (either forbs or graminoids).
293
Correlation analyses among diversity metrics of functional groups revealed significant negative 294 associations between the diversity metric (Hill index with q = 0) of FG4 and that of FG5 (Hill index 295 with q =1 or q = 2). Besides, the abundance of S. tenacissima was significantly positively associated with the diversity metrics of FG3 ( Fig. 5a ). Regarding grazd steppes, correlation analyses showed 297 significant positive correlations between the diversity metrics of FG1 and FG3, and between those of 298 FG2 and FG4 in the grazed steppes ( Fig. 5b ). In addition, the abundance of S. tenacissima was 299 significantly negatively associated with the diversity metrics of FG2 (Hill index with q = 0) and FG4 300 (Hill index with q = 0 or q =1). Abundance-based beta diversity measures 305 Both βBRAY and βBRAY.BAL were significantly higher in grazing-excluded steppes compared to 306 grazed ones at site level (Fig. 6a, e ) and the contrary occurred at transect level ( Fig. 6b, f ), while they 307 were significantly higher at the site than at the transect level in grazing-excluded steppes (Fig. 6d, h) . 308 Nevertheless, these two measures did not differ significantly between the two spatial levels in grazed 309 steppes. βBRAY.GRA was significantly superior in grazed steppes at the site level ( Fig. 6i ) and at transect 310 level in grazing-excluded steppes (Fig. 6l ). Furthermore, this measure did not differ significantly 311 between the two management types at the transect level, and between the two spatial levels in grazed 312 steppes.
314
Incidence-based beta diversity measures 315 βSOR was significantly higher in grazed steppes at the site level ( Fig. 6m ) but did not differ 316 significantly between the two management types at the transect. Similarly, this measure of beta 317 diversity did not differ significantly between spatial levels in both management types. βSIM was 318 significantly superior, in grazed steppes at the site level (Fig. 6q) , and at site level in grazed steppes ( Fig. 6s) . βSNE was significantly higher in grazed steppes at transect level (Fig. 6v) , and at transect level 320 in grazed steppes (Fig. 6w ).
322
Comparison between abundance-based and incidence-based beta diversity measures 323 βBRAY and βSOR were largely due to the increasing values of βBRAY.BAL and its analogous βSIM, 324 respectively. The contribution of either βBRAY.GRA or βSNE to overall beta diversity was minor, did not 325 exceed 14% in all cases. When compared between the two management types, βBRAY and βSOR and 326 their components showed opposing results at the site level, but at transect level only βBRAY that varied 327 significantly. When compared between the two spatial levels, both βBRAY and βSOR did not differ 328 significantly in grazed steppes, nevertheless in grazing-excluded steppes, βBRAY and its components 329 varied significantly. 
Species-specific responses to sheep exclusion 334
In general, our findings showed that responses of plant communities to sheep grazing exclusion are 335 partly species-specific. We found a high number of colonizers and increaser species in the exclosures 336 which implies that grazing exclusion can offer appropriate habitats for the installation of new species (as 337 a result of seed dispersal from the regional species pool) and for increasing the abundance of some 338 existing species. The fact that a large portion of the colonizers and increasers were therophytes is probably 339 related to climatic conditions (i.e., severe drought) which limit the reproduction of other life forms then 340 therophytes that have a strategic adaptation to extreme climatic conditions (Bradai et al. 2015) . In 366 Overall, our study revealed a clear effect of short-term grazing exclusion, under severe drought 367 episode, on plant community diversity in Alfa steppe rangelands with a long-term sheep grazing. 368 Mainly, the results showed that short-term grazing exclusion had positive effects on the size of the 369 regional species pool (i.e., the total number of species) and α-diversities (i.e., overall richness and total Short-term grazing exclusion did not enhance the diversities of FG2, FG4 and FG5, which is likely 399 due to severe drought (i.e. these functional groups are strongly depending on precipitation). This 400 finding reveals that short-term grazing exclusion becomes benefic for these functional groups only as a result of stochastic processes, i.e., increasing dispersal from a regional species pool (as we have 433 seen above there were 40 colonizers) which augmented in size in the exclosures. This is consistent with the increase in mean richness at the transect level witnessed in the exclosures. Overall, this finding 435 is in line with other studies that reported that the exclusion of livestock grazing can alter species 
Effects of sheep exclusion on overall alpha diversities and functional groups' diversities
442
Whilst it is widely recognized that increased grazing leads to plant community homogenization at 443 the landscape scale (Austrheim and Eriksson 2001) and thus grazing exclusion may undoubtedly 444 increase the spatial variation in species assemblages; our results indicated that under severe drought 445 the release from sheep grazing affected contrastingly the incidence-and abundance-base β-diversity. 446 Sheep exclusion has increased the abundance-based β-diversity and its balanced variation fraction 447 nevertheless has reduced the incidence-based β-diversity and its turnover component at the landscape 
